Using 355 pb ÿ1 of data collected by the CDF II detector in p p collisions at s p 1:96 TeV at the Fermilab Tevatron, we study the fully reconstructed hadronic decays B 0 s ! D ÿ s and B 0 s ! D ÿ s ÿ . We present the first measurement of the ratio of branching fractions BB 0 s ! D ÿ s ÿ =BB 0 ! D ÿ ÿ 1:05 0:10stat 0:22syst. We also update our measurement of BB 0 s ! D ÿ s =BB 0 ! D ÿ to 1:13 0:08stat 0:23syst, improving the statistical uncertainty by more than a factor of 2. We find BB 0 s ! D ÿ s 3: Hadronic B meson decays provide important information on both weak and hadronic interactions of heavy flavored mesons. The dominant hadronic decay modes of the B meson involve tree-level diagrams where the b ! c transition leads to a charmed meson and a virtual W boson, which often emerges as a charged , , or a 1 1260 meson [1] . The measurement of the ratios of branching fractions BB 0 s ! D ÿ s ÿ =BB 0 ! D ÿ ÿ [2] reveals information about B decay mechanisms. One can attempt to separate the contributions of various processes in B 0 ! D ÿ decay and then predict the B 0 s ! D ÿ s branching fraction using SU3 [3, 4] and further estimate flavor SU3 symmetry breaking effects [5] , which can be sizable [6] . The ratios of branching fractions are expected to be close to 1 if the flavor SU3 is a valid approximation and the contribution of the subleading diagram in the B 0 ! D ÿ ÿ decay is small.
In this Letter, we present the first measurement of the ratio of branching fractions RD3 BB 0 s ! D ÿ s ÿ =BB 0 ! D ÿ ÿ using D ÿ s decays to ÿ , K 0 K ÿ , and ÿ ÿ and D ÿ decays to K ÿ ÿ . We also update our previous [7] measurement of the ratio RD BB 0 s ! D ÿ s =BB 0 ! D ÿ . We measure the ratios of branching fractions because most of the systematic uncertainties cancel due to the similarity of final state kinematics. The measurement is performed using a sample of inclusive heavy flavor decays, corresponding to an integrated luminosity of 355 pb ÿ1 of p p collisions at s p 1:96 TeV.
The components of the CDF II detector relevant for this analysis are briefly described below. A more complete description can be found elsewhere [8] . Charged particle tracks are reconstructed in the pseudorapidity range jj & 1:0, where is defined as ÿ lntan=2, and represents the angle between the particle and the proton beam direction [9] . Tracks are reconstructed from hits in the silicon microstrip detector (SVX) and the central outer tracker (COT). Both detectors are inside a 1.4 T solenoidal magnetic field. The SVX detector is composed of L00 (a single layer of silicon placed close to the beam pipe), SVX II (five cylindrical layers of double-sided sensors), and ISL (outermost layer of silicon), providing up to 8 coordinate measurements in the r-view [10] . Surrounding the SVX is the COT, an open cell drift chamber with 96 layers of sense wires [11] . A sample rich in charm and beauty hadrons is selected by a three-level displaced track trigger. At level 1, tracks are reconstructed in the COT by the track trigger processor (XFT) [12] . The trigger requires two tracks with transverse momenta p T > 2 GeV=c and the scalar sum p T1 p T2 > 4:0 GeV=c. The level 2 silicon vertex tracker [13] associates SVX II r-position measurements with XFT tracks, providing a precise measurement of the track impact parameter (d 0 ), i.e., the distance of closest approach of the track helix to the beam axis in the transverse plane. Decays of heavy flavor particles are identified by requiring two tracks with 0:12 mm < d 0 < 1 mm and an opening angle in the transverse plane 2 < jj < 90 . A requirement L xy > 0:2 mm is also applied, where L xy is defined as the distance in the transverse plane from the beam line to the two-track vertex projected onto the two-track momentum vector. The level 3 trigger performs a full event reconstruction applying selection similar to levels 1 and 2 on offline quality quantities.
B candidate reconstruction starts with a collection of tracks. No particle identification is explicitly used, and tracks are assumed to be either a pion or a kaon to match the reconstruction hypothesis. A set of unique track combinations making the , K 0 , D ÿ , D ÿ s , and B candidates is formed. The track combinations reconstructed in 3 dimen-sions must be consistent with forming a vertex, and combinations that fall outside a wide mass window around the mass of the respective meson are rejected.
The Monte Carlo simulation is an essential part of this analysis. It is used to optimize the selection cuts, model signal, and background and to study the trigger and reconstruction efficiency. We generate single B hadrons with the program BGENERATOR [14] . The B-hadron decays are simulated with EVTGEN [15] . This package has been extensively tuned by experiments at the 4S resonance and reflects the measured properties of B and D meson decays.
The selection requirements used to reject combinatorial background are optimized by maximizing S= S B p for each mode individually. The number of signal events (S) is derived from a Monte Carlo simulation of the CDF II detector and trigger. The number of background events (B) is estimated using data in the high-mass sideband interval mB 10B to mB 16B, where mB is the fitted mass and B 15 MeV=c 2 is the width of the signal peak. This sideband represents the combinatoric background underneath the signal peak. Selection requirements include cuts on the impact parameter of the B meson, the 2 rÿ [16] of the B vertex fit in the transverse plane, the p T of the pion from the B decay in B 0 s ! D ÿ s , and a minimum p T requirement of the tracks for decays with 6 tracks in the final state. We exploit the narrow ! K K ÿ resonance and K 0 ! K ÿ resonance to suppress background by requiring 1010 MeV=c 2 < m < 1029 MeV=c 2 and 840 MeV=c 2 < mK 0 < 940 MeV=c 2 . There are also requirements on L xy =L xy -the significance of the measurement of L xy for B and D vertices.
The assumptions on the relative contributions of resonant a 1 and and nonresonant ÿ in the B 0 ! D ÿ ÿ signal affect RD3 because Monte Carlo simulation shows that their reconstruction efficiencies differ by as much as 5%. We find that the contributions of the and nonresonant ÿ decays are small. The ÿ mass distributions were compared in data between B 0 and B 0 s mesons and are compatible within statistics, as shown in Fig. 1 . The resonant fractions in B 0 s ! D ÿ s ÿ and B 0 ! D ÿ ÿ decays are assumed to be identical.
To extract RD3 [or, equivalently, RD], we use the following formula:
where NB 0 s and NB 0 are the measured signal yields, The yields NB 0 s and NB 0 are extracted from the mass spectra in Fig. 2 using a binned likelihood fit and are summarized in Table I . In the normalization modes B 0 ! D ÿ and B 0 ! D ÿ ÿ , we observe 8098 114stat and 3288 76stat signal candidates, respectively. The signal peaks are modeled with a sum of two Gaussians with the same mean values but different widths. The combinatorial background is modeled with a sum of an exponential function and a constant. The shapes of other physics backgrounds are modeled using Monte Carlo simulation, and their parametrization is fixed in the fits to the mass spectra.
There are several backgrounds whose mass distributions peak near the signal region and must be subtracted. They are the Cabibbo-suppressed decays B 0 s ! D ÿ s K and B 0 s ! D ÿ s K ÿ and misreconstructed baryon decays 0 b ! c ÿ and 0 b ! c ÿ ÿ . The ratio of Cabibbo-suppressed B 0 s ! D ÿ s K background to the corresponding signal was fixed to the world average ratio of branching fractions [17] . The ratio of Cabibbo-suppressed B 0 s ! D ÿ s K ÿ decay to the signal is fixed to jV us j 2 =jV ud j 2 0:05. The fraction of b background was fixed using the recent CDF measurement of B 0 b ! c ÿ =BB 0 ! D ÿ [18] . In all of the cases, the ratios are corrected for the relative trigger and reconstruction efficiencies.
In the case of the B 0 s ! D ÿ s ÿ decay, there is a reflection from B 0 ! D ÿ ÿ . If one of the pions from a D ÿ ! K ÿ ÿ decay is reconstructed as a kaon, a peak is produced under the B 0 s signal region. These events contribute in the B 0 ground subtraction is dominant in this channel and is a part of the ''B 0 s fit model'' (see Table II ). The systematic uncertainty on the ratio of efficiencies B 0 s =B 0 comes from various physics sources. In all cases, the systematics were estimated by observing the change in the ratio of efficiencies when the effect was considered. The effect of the choice of B meson spectrum used by Monte Carlo simulation was determined by reweighting the Monte Carlo events with p T spectrum based on next-to-leading order calculations [14] to match the p T spectrum measured at CDF [19] . To estimate the systematic uncertainty due to B and D lifetimes, we varied the assumed lifetime of B and D meson in signal Monte Carlo simulation within world average values [17] . The composition systematic applies to the decay B 0 s ! D ÿ s ÿ ÿ ÿ only and is due to the limited knowledge of the resonances in D ÿ s ! ÿ ÿ decay. We assign a systematic uncertainty due to the unknown resonance structure of the ÿ system in B 0 s ! D ÿ s ÿ decay by varying the fraction of the a 1 component in both B 0 and B 0 s signal Monte Carlo simulation in a range consistent with the observed shape. Systematic uncertainties due to the fit model are estimated by comparing the fitted yields after changing the mass range in which the fit is performed and also by varying the parameters of functions describing the backgrounds. The systematic uncertainties are summarized in Table II .
The results of the measurements for RD3 are summarized in Table I . To average the results of the measurements by the expected yield, we use Eq. (1), where NB 0 s is a sum of the yields in three B 0 s channels and B 0 s is a linear combination of Monte Carlo efficiencies multiplied by the ratio of the branching fraction of D ÿ s decay in a given channel and BD ÿ s ! ÿ . In the averaging pro-cedure, small interference in the Dalitz plot between D ÿ s ! ÿ and D ÿ s ! K 0 K ÿ contributions was ignored. Using f s =f d 0:259 0:038 [17] , we obtain: The (br) and (pr) uncertainties refer to the uncertainty on the D meson branching fractions and the ratio of fragmentation fractions f s =f d , respectively.
Using Eq. (1) and the input from Table I , we obtain:
RD 1:13 0:08stat 0:05syst 0:15br 0:17pr:
The measurement of RD is consistent with the previous CDF measurement [7] and supersedes that result with a statistical uncertainty reduced by a factor of 2. This measurement is consistent within uncertainties with the theoretical prediction of 1:05 0:24 [3] . The agreement indicates the smallness of the flavor SU3 breaking terms and limits the amplitude and phase difference of the subleading diagram (W-exchange) with respect to the tree diagram in the B 0 ! D ÿ decay.
In conclusion, we have presented the first measurement of the ratio of branching fractions RD3. We also have measured the ratio of branching fractions RD, improving the statistical uncertainty by more than a factor of 2. TABLE I. Summary of event yields, ratios of efficiencies, and individual branching ratio measurements. The uncertainties listed on the yield and the ratio of efficiencies are statistical only. BD ÿ =BD ÿ s is the ratio of BD ÿ ! K ÿ ÿ to the corresponding branching fraction of the D ÿ s meson [BD ÿ s ! ÿ ; ! K ÿ K , BD ÿ s ! K 0 K ÿ ; K 0 ! K ÿ , or BD ÿ s ! ÿ ÿ ]. 
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